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The reaction time courses for the assay of glyceraldehyde-3-phosphate dehydrogenase were not rectilinear and reaction rates are expressed as the change in absorbance at 340 nm occurring in the first 2 min of the reaction. The rates of reaction were highest in triethanolamine hydrochloride/ NaOH and Tris/HCI buffers at pH 8.50 and lowest in pyrophosphate/cysteine buffer at the same pH value. The rate of reaction decreased with decrease in pH.
The effects of triose phosphate isomerase (EC 5.3.1.1) and glycerol-3-phosphate dehydrogenase (EC 1.2.1.1 2) on the coupled aldolase-glyceraldehyde-3-phosphate dehydrogenase reaction were tested. The addition of 2 1.8 units of triose phosphate isomerase to 3.0 ml of assay mixture containing 0.01 1 unit of aldolase and 0.176 unit of gl~-ceraldehyde-3-phosphate dehydrogenase reduced the rate of reaction to 18.6'%, of the control value. The addition of 54.5 units of triose phosphate isomerase was sufficient to prevent any change in absorbance. The addition of 0.8 unit of glycerol-3-phosphate dehydrogenase also prevented any change in absorbance.
The relationship between added aldolase activity and the amount of glyceraldehyde-3-phosphate dehydrogenase required to reveal maximum aldolase activity was investigated. Glyceraldehyde-3-phosphate dehydrogenase was added at seven concentrations to reaction mixtures containing 0.09 unit of aldolase in 3.0 ml. The reaction was started by the addition of fructose 1,6-diphosphate. The reaction time courses are shown in Fig. 1( a) . Reaction rates were taken from the rectilinear parts of the time courses and are shown plotted against units of glyceraldehyde-3-phosphate dehydrogenase added to the assay (Fig. 16) . The maximum rate of aldolase reaction was observed at a concentration of glyceraldehyde-3-phosphate dehydrogenase of 3.3 units/3.0 ml of assay volume. When glyceraldehyde-3-phosphate dehydrogenase was present in the assay at the same concentration as aldolase (0.09 units/3.0 ml) the reaction proceeded at only 25.5% of the maximal rate. Fructose-1 ,h-diphosphate aldolase (EC 4.1.2.7 and EC 4.1.2.13) can be determined by a modification of the method of Velick ( 1955) for the determination of glyceraldehyde-3-phosphate dehydrogenase. The aldolase cleavage reaction. bccausc of the broad pH optimum for the enzyme reaction, can be used to liberate the substrate (glyceraldehyde 3-phosphate) required in Velicks' method from fructose IJi-diphosphate. The experiments described were designed to establish the lower limit of detection of aldolase by the coupled reaction sequence and the effect of the concentration of nitroblue tetrazolium o n the rate of reaction followed at 550 nm. Aldolase activity (calculated concentrations of 0.09, 0.045. 0.0 18, 0.009, 0.0045, 0.0018, 0.0009 and 0.00045 unit) was determined in an assay mixture containing Tris/ HCI, 66 mM, pH 8.35; N A D + , 0.10 mM; sodium arsenate, 13.0 mM; cysteine/HCl, 3.4 mM; glyceraldehyde-3-phosphate dehydrogenase, 1.65 units/3.0 ml of assay volume; fructose-1 ,6-diphosphate, 5 . 0 mM, pH 8.35. The reactions were started by the addition of substrate and followed at 340 nm and 25°C.
Rates of reaction decreased in direct proportion to decrcasc in aldolase concentration. Aldolasc activity was not detected at less than 0.0009 unit/3.0 ml of assay volume. The absorption spectrum of diformazan was determined after reducing nitroblue tetrazolium (0.01 mg/ml, 12.2 ,UM) with NADH (0.03 pmol/ml) in the presence of phenazine methosulphate in Tris/HCl buffer, pH 8.35 in a total volume of 3.0 ml. The spectrum was recorded against a blank solution which did not contain nitroblue tetrazolium. The spectrum is shown in Fig. 1 ( a ) and is characterized by a small peak at 410 nm and a broader peak at 530-580 n M . The molar absorption coefficient is approximately 20 450.
The aldolase-glyceraldehyde-3-phosphate dehydrogenase reactions using the assay procedure given above were coupled to the reduction of nitroblue tetrazolium in the presence of phenazine methosulphate. Blank solutions were prepared which were deficient in (i) aldolase, (ii) glyceraldehyde-3-phosphate dehydrogenase and (iii) both enzymes. Fructose 1 ,6-diphosphate was added to the assays immediately after the addition of the nitroblue tetrazolium-phenazine methosulphate reagent. Precipitates began to form in all assays, including the blank assays, immediately upon shaking. The cause of the non-specific reduction of nitroblue tetrazolium was investigated. A series of assays were prepared which contained buffer, fructose I,O-diphosphate, phenazine methosulphate and sodium arsenate. Precipitation of diformazan did not occur. The addition of pyrophosphate and N A D + separately or together did not cause precipitation of diformazan. The addition of cysteine hydrochloride to any assay containing nitroblue tetrazolium-phenazine methosulphate reagent alone or in the presence of other reactants caused precipitation. Thioglycollate gave a reddish-brown precipitate after incubation for 1.5 h at 37°C. Since cysteine was shown to be an undesirable constituent of the assay, aldolase activity (measured by the glyceraldehydeVOl. 16 Time (min) 3-phosphate dehydrogenase reaction) was redetermined in the absence and presence of cysteine. The rate of reaction at 340 nm was found to be only 2% slower in the absence of cysteine.
BIOCHEMICAL SOCIETY TRANSACTIONS
The rate of formation of diformazan precipitate was followed at 550 nm and 25°C using the assay conditions stated in the presence of 0.09 unit of aldolase and 1.65 unit of glyceraldehyde 3-phosphate dehydrogenase in 3.0 ml of assay volume. Reactions were started by the addition of substrate (and in the absence of cysteine) and determined at nitroblue tetrazolium concentrations of 0.02-0.4 mg/3.0 ml of assay volume.
The results are shown in Fig. 1( b ) and it can be seen that the rate of reaction followed at 550 nm is dependent on the concentration of nitroblue tetrazolium in the assay. Maximum rates of reaction were observed at concentrations of 0.1-0.4 mg of nitroblue tetrazolium/3.0 ml of assay volume. The rates of reaction were not equivalent to the rates of reaction measured at 340 nm. It may be the case that equivalent rates of reaction have not been measured at 550 nm because of precipitation of diformazan leading to falsely low absorbance volumes.
Velick, S. F. (1955) (Reed, 19816: Halford et al., 1985) , and these will catalyse, in vitro, site-specific recombination between two res sites. This reaction can only occur when the resolvase from one family of type I1 transposons acts on res sequences from the same family (Halford et al., 1985) . To allow recombination, the res sites must be present on the same covalently closed circle of supercoiled DNA and they must be in direct repeat. The product of this reaction is two DNA molecules, each containing one res site, which are topologically linked as a catenane (Krasnow & Cozzarelli, 1985) . The catenane structure has only two negative nodes with respect to the res sites (Wasserman & Cozzarelli, 1985) . A number of different models have been proposed to explain how resolvase will catalyse recombination between two directly repeated res sites, no matter how distantly
